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(57) ABSTRACT

A high strength and low yield ratio steel that has excellent
characteristics such as low temperature toughness, a tensile
strength of approximately 600 MPa or more and a low yield
ratio of 80% or less. The high strength and low yield ratio steel
includes, by weight percent: C: 0.02 to 0.12%, Si: 0.01 to
0.8%, Mn: 0.310 2.5%, P: 0.02% or less, S: 0.01% or less, Al:
0.005 to 0.5%, Nb: 0.005 t0 0.10%, B: 3 to 50 ppm, T1: 0.005
t0 0.1%, N: 15 to 150 ppm, Ca: 60 ppm or less, and the balance
of be and 1nevitable impurities, and further includes at least
one component selected from the group consisting of by
weight percent: Cr: 0.05 to 1.0%, Mo: 0.01 to 1.0%, Ni: 0.01
to 2.0%, Cu: 0.01 to 1.0% and V: 0.005 to 0.3%, wherein a
finish cooling temperature 1s limited to 500 to 600° C. after
the finish-rolling process. The high strength and low yield
ratio steel satisiying characteristics such as low temperature
toughness, brittle crack arrestability and low yield ratio, and
the manufacturing method thereof may be provided.

5> Claims, 4 Drawing Sheets
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HIGH STRENGTH AND LOW YIELD RATIO
STEEL FOR STRUCTURE HAVING
EXCELLENT LOW TEMPERATURE
TOUGHNESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a high strength and low
yield ratio steel for structure having excellent characteristics 10
such as low temperature toughness and a manufacturing
method thereof, and more particularly, to a high strength steel
satisiying excellent main characteristics such as low tempera-
ture toughness and low yield ratio, both of which are required
for steel for structure, by employing method using a matrix 15
structure of steel as bainitic ferrite and granular bainite struc-
tures and using dual phase having high hardness, and a manu-
facturing method thereof.

2. Description of Related Art

Structures such as buildings and bridges mainly require 20
high strength due to their high loads. Also, the total weight of
used steel tends to be reduced with continued demand for
reduction in the cost of construction materials used to build
constructional structures. Therefore, there has been an
increasing demand for an increase 1n strength of steel consti- 25
tuting these constructional structures.

However, since the steel has a problem 1n that 1ts properties
such as low temperature toughness may be often deteriorated
with 1ts increasing strength, a lot of high strength steels for
structure has poor low temperature toughness. The low tem- 30
perature toughness 1s the measure on how long steel ensures
brittle fracture at ultra-low temperature, and steels having
poor low temperature toughness have a problem in that brittle
fracture may occur easily in the steels when the steels are used
in severe low-temperature regions such as extreme regions, 35
which leads to the limitations on use environments of the
steels. A ductile-brittle transition temperature (DBTT curve)
1s generally used as the measure of low temperature tough-
ness.

Also, the increase 1n strength of steel results often in the 40
increase 1n a vield ratio that 1s a ratio of yield strength to
tensile strength. Then, the increase 1n the yield ratio reduces
the stress difference from a time point (yield point) that plas-
tic deformation of steel occurs to a time point that fracture of
steel occurs. Therefore, since buildings have little preparation 45
time to prevent destruction of the buildings by absorbing
energy through their deformations, it 1s difficult to secure the
safety of constructional structures when the constructional
structures are exposed to tremendous external forces such as
carthquakes. 50

Therefore, the steels for structure should necessarily have
low temperature toughness and low yield ratio, both of which
are maintained over certain levels.

As one of alternative technologies to secure a low vield
rati0 of steel, there 1s a method for enhancing low yield ratio 55
ol steel by selecting suitable alloying elements of the steel and
suitably adjusting rolling conditions. This technology 1s to
improve tensile strength of steel, and thus to secure a low
yield ratio of steel by adjusting alloying elements to suitable
ranges, {inish cooling temperature below 500° C. to form a 60
bainitic ferrite structure, heat-treating the bainitic ferrite
structure at an intercritical temperature range of 700 to 760°
C. to form austenite between bainite laths, and slowly cooling
the austenite to obtain a MA (Martensite or/and residual
austenite) structure. 65

In order to make a microstructure of steel as a bainitic
territe structure, the finish cooling temperature should, how-

2

ever, be adjusted to a temperature below B temperature that 1s
a bainite transformation finish temperature. In this case, prob-
lems associated with low productivity may occur 1n produc-
tion line. Also, the process of obtaining a MA structure by the
heat-treatment of the bainitic ferrite structure at the intercriti-
cal temperature range aiter the rolling process has problems
associated with the delayed supplies of the products, the
increased manufacturing cost, the reduced productivity, efc.

Therefore, there 1s a demand for development of steel
having high productivity as well as satisiying requirements
such as high strength characteristics, low temperature tough-
ness characteristics and low yield ratio.

The present invention 1s designed to solve the problems of
the prior art, and therefore it 1s an object of the present
invention to provide a high strength steel satisfying all char-
acteristics such as low temperature toughness and low yield
ratio.

Also, 1t 1s another object of the present invention to provide
amethod for manufacturing a high strength steel satistying all
characteristics such as low temperature toughness and low

yield ratio.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a high strength and low yield ratio steel for structure
including, by weight percent: C: 0.02 to 0.12%, S1: 0.01 to
0.6%, Mn: 0.3t02.5%, Nb: 0.005 10 0.10%, T1: 0.005 10 0.1%.,
Al: 0.005 10 0.5%, P: 0.02% or less, B: 5to 40 ppm, N: 15 to
150 ppm, Ca: 60 ppm or less, S: 100 ppm or less, and the
balance of Fe and inevitable impurities, wherein high strength
and low vyield ratio steel 1s composed of 1 to 5% by weight
percent of a MA (martensite/austenite) structure having an
average particle size of 5 um or less, and the balance of a
duplex structure of granular bainite and bainitic ferrite.

In this case, the high strength and low yield ratio steel for
structure may further include at least component selected

from the group consisting of, by weight percent: Cr: 0.05 to
1.0%, Mo: 0.01 to 1.0%, Ni1: 0.01 to 2.0%, Cu: 0.01 to 1.0%

and V: 0.005 to 0.3%.
According to another aspect of the present invention, there
1s provided a method for manufacturing a high strength and

low yield ratio steel. Here, the method includes: re-heating a
steel slab at 1050 to 1250° C., the steel slab including, by

weilght percent: C: 0.02 t0 0.12%, S1: 0.01 to 0.8%, Mn: 0.3 to
2.5%, P: 0.02% or less, S: 0.01% or less, Al: 0.005 to 0.5%,
Nb: 0.005 to 0.10%, B: 3 to 50 ppm, T1: 0.005 t0 0.1%, N: 15
to 150 ppm, Ca: 60 ppm or less, and the balance of Fe and
inevitable impurities; rough-rolling the re-heated steel slab at
a temperature range of 1250° C. to T, , (recrystallization stop
temperature); and cooling the rough-rolled steel slab to a
finish cooling temperature of 500 to 600° C. at a cooling rate
of 2 to 10° C./s.

As described above, the exemplary embodiments of the
present invention may provide a steel having a high strength
of 600 MPa or more and satisiying characteristics such as low
temperature toughness, brittle crack arrestability and low
yield ratio of 80% or less.

Also, the exemplary embodiments of the present invention
may provide a high strength steel satistying all characteristics
such as low temperature toughness, brittle crack arrestability
and low yield ratio of 80% or less.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a photograph illustrating a microstructure of steel
according to one exemplary embodiment of the present inven-
tion that 1s observed with a scanning electron microscope.
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FIG. 2 1s a graph illustrating the relation between a fraction
of MA structure and a yield ratio according to one exemplary
embodiment of the present invention, depending on the finish
cooling temperature.

FIG. 3 1s a graph illustrating the relation between a fraction
of MA structure and a ductile-brittle transition temperature
(DBTT) according to one exemplary embodiment of the
present invention, depending on the cooling finish tempera-
ture.

FIG. 4 1s a graph schematically illustrating temperature
behaviors in inner parts of slabs with the time during a manu-
facturing process according to one exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, one exemplary embodiment of the present
invention provides a steel for structure having a tensile
strength of 600 MPa or more and a yield ratio of 80% or less
by controlling alloying element systems, the fraction and
average size ol MA structure and adjusting rolling conditions.

Hereinafter, the alloying systems and their limit ranges
according to one exemplary embodiment of the present inven-

tion are described in detail.
C:0.02 to 0.12%

Carbon (C) 1s an essential important element that 1s used to
form a martensite-austenite constituent (IMA) and determines
the size and fraction of the martensite-austenite constituent.
Theretore, the Carbon (C) 1s included 1n a suitable content
range 1n accordance with the present invention. However,
when the content of C exceeds 0.12%, low temperature
toughness of steel may be deteriorated, and a fraction of the
martensite-austenite constituent may exceed 15%. On the
contrary, when the content of C 1s less than 0.02%, strength of
steel 1s low due to the low fraction (3% or less) of the mar-
tensite-austenite constituent. Theretore, C 1s used 1n a limited
content of 0.02 to 0.12%. In addition, 1n the case of a steel
plate used 1n a welding steel structure, C 1s preferably used at
a content range of 0.03 to 0.09% so as to secure better weld-
ability.

S1: 0.01 to 0.8%

Silicone (S1) 1s used as a deoxidizing element to enhance
stability of the martensite-austenite constituent. Therefore, S1
aids to improve strength and toughness of steel since a large
amount of a martensite-austenite constituent may be formed
even at the small C content. Here, when the content of Si1
exceeds 0.8%, low temperature toughness and weldability of
steel may be deteriorated. On the contrary, a deoxidizing

elfect of S1 1s 1suificient when the content of S1 1s less than
0.01%. Therefore, S1 may be used 1n a limited content range
of 0.01 to 0.8%, and preferably 0.1 to 0.4%.

Mn: 0.3 to 2.5%

Manganese (Mn) 1s a useful element to improve strength of
steel by solid solution hardening. In this case, Mn 1s neces-
sarily added at a content o1 0.3% or more. However, when the
content of Mn exceeds 2.5%, toughness of a welding portion
may be deteriorated due to the excessive increase in harden-

ability. Therefore, Mn 1s used 1n a limited content range 010.3
to 2.5%.

P: 0.02% or Less

Phosphorus (P) 1s an element that i1s effective to enhance
strength and 1mprove corrosion resistance. However, P 1s
desirably used at as low content as possible since it may
highly degrade impact toughness. Also, 1ts upper limit 1s

defined to be 0.02%.
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S: 0.01% or Less

Sulfur (S) 1s an element that reacts to form sulfides such as
MnS, which highly degrade impact toughness. Therefore, S 1s
desirably used at as low content as possible, and 1ts upper
limit 1s defined to be 0.01%.

Al: 0.005 to 0.5%

Aluminum (Al) 1s a cheap element that may deoxidize a
molten steel. Here, since sol.Al facilitates formation of the
martensite-austenite constituent, a small amount of Al may be
used to form a martensite-austenite constituent, which aids to
improve strength and toughness of steel. Therefore, added Al
may be included 1n a content of 0.005% or more. However,
when the content of added Al exceeds 0.5%, a nozzle may be
clogged during a continuous casting process. Therefore, Al 1s
used 1n a limited content range of 0.005 to 0.5%. Preferably,
Al may be used at a content range of 0.01 to 0.05%.

Nb: 0.005 to 0.1%

Niobium (Nb) 1s an important element that 1s used to manu-
facture a TMCP steel, and precipitated 1n the form of NbC or
NbCN to highly improve strength of the parent metal and its
welding portion. Also, solutionized Nb during re-heating has
an effect on refining a structure by suppressing recrystalliza-
tion of austemite and transformation of ferrite or bainite. In
addition, 1n accordance with one exemplary embodiment of
the present invention, Nb helps to form bainite at a slow
cooling rate when a slab 1s cooled after a rough-rolling pro-
cess, and also to enhance stability of austenite when the slab
1s cooled after the final rolling process, thereby facilitating
formation of a martensite-austenite constituent even at the
slow cooling rate. Therefore, Nb should be added at a content
of 0.005% or more. However, when Nb 1s added at an exces-
stve amount of greater than 0.1%, brittle cracks may occur 1n
edges of steel. Therefore, Nb 1s used 1n a limited contentrange
o1 0.005 to 0.1%.

B: 3 to 50 ppm

Boron (B) 1s a useful element that 1s very cheap and shows
its potent hardenability. In particular, 1n accordance with one
exemplary embodiment of the present invention, B highly
contributes to forming bainite even at a slow cooling rate
during a cooling process atter the rough-rolling process, and
has an effect to aid to form a martensite-austenite constituent
even at a final cooling process. Since a small amount of added
B results in the highly increased strength, B 1s desirably added
at a content of 3 ppm or more. However, the addition of
excessive B may rather degrade hardenability of steel by
formation of Fe,;(CB),, and deteriorate characteristics such
as low temperature toughness. Therefore, the added B 1s used

in a limited content range of 3 to 50 ppm.
T1: 0.005 10 0.1%

-

I'tantum (11) functions to highly improve low temperature
toughness of steel by suppressing growth of crystal grains
when the steel 1s re-heated. In this case, 11 1s desirably added
at a content of 0.005% or more. However, When 11 1s added at
an excessive amount of 0.1% or more, a cast nozzle may be
clogged, or low temperature toughness of steel may be
degraded by crystallization in central region of the steel.
Therefore, 11 1s used 1n a limited content range of 0.005 to
0.1%.

N: 15 to 150 ppm

Nitrogen (N) 1s to increase strength of steel, but reduces
toughness of the steel. Therefore, 1t 1s necessary to define a
content of N to a content level of 150 ppm or less. However,
the control of 15 ppm or less of N causes a difficulty in steel
making, and therefore a lower limit of the N content 1s set to
15 ppm.

The above-mentioned steel having advantageous steel
components and their contents according to one exemplary
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embodiment of the present invention may have sufficient
eifects only when the steel includes the above-mentioned
content ranges of the alloying elements. However, 1n order to
improve characteristics such as strength and toughness of
steel, toughness of a welding heat-affected zone, weldability
and the like, the following alloying elements may be further
added at suitable contents. The following alloying elements
may be used alone, or 1n combinations thereof.

Cr: 0.05t0 1.0%

Chromium (Cr) has a huge eflect to enhance hardenability
of steel, thereby enhancing strength of the steel. In this case,
Cr1s desirably added at a content o1 0.05% or more. When the
content of added Cr exceeds 1.0%, weldability may be dete-
riorated. Therefore, Cr 1s used 1n a limited content o1 1.0% or
less. Also, Cr 1s more preferably added at a content range of
0.2 to 0.5% to stably obtain a martensite-austenite (MA)
constituent at a relatively slow cooling rate.

Mo: 0.01 to 1.0%

Molybdenum (Mo) has an effect on the suppression of
territe formation since a small amount of Mo highly enhances
hardenability of steel. In particular, 1n accordance with one
exemplary embodiment of the present invention, Mo 1s added
at a content of 0.01% or more since 1t aids to form a marten-
site-austenite constituent that 1s helptul to increase tensile
strength. However, when the content of Mo exceeds 1.0%,
hardness of a welding portion may be excessively increased,
and 1ts toughness may be deteriorated. Therefore, Mo may be
desirably added at a content of 1.0% or less. In order to
enhance hardenability of the steel, Mo 1s more preferably
used 1 a limited content range of 0.02 to 0.2%.

Ni: 0.01 to 2.0%

Nickel (N1) 1s an element that may improve both strength
and toughness of steel. In order to achieve the sufficient
effect, N1 should be added at a content of 0.01% or more.
However, N1 1s expensive, and therefore the economaical eifi-
ciency may be low and weldability may be degraded when the
content of added N1 exceeds 2.0%. Therefore, N1 1s added 1in
a limited content range of 0.01 to 2.0%.

Cu: 0.01 to 1.0%

Copper (Cu) 1s an element that may minimize degradation
ol toughness of steel, and simultaneously enhance strength of
steel. In order to achieve the sufficient effect, Cu should be
added at a content o1 0.01% or more. However, an upper limait
ol Cu 1s defined to be 1.0% since the addition of excessive Cu
may rather highly degrade surface qualities of the products.

V: 0.005 to 0.3%

Vanadium (V) has a lower solid-solution temperature than
those of other microalloys and has an effect to prevent deg-
radation of the strength of steel since V 1s precipitated around
a welding heat-affected zone. Therefore, V 1s added at a
content of 0.005% or more. However, when the content of V
exceeds 0.3%, toughness of steel may be rather degraded. As
a result, V 1s added 1n a limited content range of 0.005 to
0.3%.

Ca: 0 to 0.006% by Weight

Calcium (Ca) 1s widely used as an element that controls
shapes of a MnS inclusion and improves low-temperature
toughness of steel. However, the addition of excessive Ca
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causes formation of a coarse inclusion by a large amount of 60

CaO—CaS, which may lower cleanliness level of steel, and
also degrade weldabaility. Therefore, Ca 1s added at a content
of no more than 0.006% by weight.

The steel having the above-mentioned composition
according to one exemplary embodiment of the present inven-
tion has more improved hardenability than conventional
steels, and shows its characteristics of forming a desired
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structure 1n an inner part of the steel without undergoing a
sudden water-cooling process.

Herematter, a microstructure of steel according to one
exemplary embodiment of the present invention 1s described
in more detail.

When the hardenability of steel 1s improved and a hard
structure 1s formed 1n steel, the low-temperature toughness of
the steel was often deteriorated. In connection with this fact,
desirable structures of the steel according to one exemplary
embodiment of the present invention are stipulated, as fol-
lows. Therefore, the steel according to one exemplary
embodiment of the present invention may be formed to pre-
vent 1ts low temperature toughness from being deteriorated
and easily realize a low yield ratio even when the hardenabil-
ity of the steel 1s improved.

The microstructure of the steel according to one exemplary
embodiment of the present mvention includes 1 to 5% of a
MA structure (martensite/austenite duplex structure) having
an average size ol 5 um (micrometers), and the balance of a
duplex structure of granular bainite and bainitic ferrite, as
shown 1n FIG. 1.

The present imvention 1s not particularly limited to the
fraction between granular bainite and baimtic ferrite 1n the
case of the duplex structure. This 1s why both of the granular
bainite and bainitic ferrite are matrix structures whose physi-
cal properties, such as yield strength and yield ratio, are not
particularly changed according to the fractions of both the
granular bainite and bainitic ferrite structures.

In accordance with one exemplary embodiment of the
present invention, a structure that 1s able to improve charac-
teristics such as low yield ratio and low temperature tough-
ness 1s realized by defining a finish cooling temperature to a
suitable temperature range. Referring to FIG. 2, the increase
in the fimish cooling temperature leads to an increase 1n the
MA fraction but a decrease 1n the yield ratio. It seems that this
1s why a fraction of the granular bainite as a relatively soft
matrix structure increases, as the finish cooling temperature
increases, which leads to a decrease in the yield strength, and
the increase 1n the MA fraction results 1n the increase of the
tensile strength.

Also, the ductile-brittle transition temperature (DBTT) of
the steel 1s increased when the finish cooling temperature 1s
set to a high temperature as shown in FIG. 3. This 1s why,
since the fraction and average particle size of the MA struc-
ture are increased as the finish cooling temperature increases,
the steel 1s easily cracked by external impacts, which leads to
the deteriorated toughness of the steel.

Therefore, the results of FIGS. 2 and 3 show that a suitable
balance between the MA structure and the granular bainite-
baimtic ferrite duplex structure 1s achieved when the finish
cooling temperature 1s maintained to a temperature level of
500 to 600° C., thus to improve both of the low yield ratio and
low temperature toughness.

Hereinatter, the method for manufacturing steel according
to one exemplary embodiment of the present mvention 1s
described in more detail.

The method for manufacturing steel according to one
exemplary embodiment of the present invention includes:
re-heating a slab, rough-rolling the re-heated slab, cooling the
rough-rolled plate after the rough-rolling process, finish-roll-
ing and cooling the finish-rolled plate. Each step of the manu-
facturing method 1s described in more detail, as follows.

Slab Re-Heating Temperature: 1050 to 1250° C.

In accordance with one exemplary embodiment of the
present invention, a slab 1s re-heated at a heating temperature
of 1050° C. or above. This 1s to solutionize precipitated car-
bonitride o1'T1 and/or Nb to a suilicient extent during a casting
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process. However, when the slab 1s re-heated at an exces-
stvely high temperature, the austenite may become coarse.

Therefore, an upper re-heating temperature limit of the slab 1s
defined to be 1250° C.

8

transformation finish temperature), as shown in FI1G. 3. Here,
the microstructure of the steel includes a 1~3% fraction of an
MA structure, wherein the MA structure has an average par-
ticle size of 5 um or less. Productivity of the steel 1s low when

Rough-Rolling Temperature: 1250° C.to T, , > the cooling rate 1s less than 2° C./s, whereas a cooling curve
The re-heated slab 1s rough-rolled after the heating process 1s not passed through a region of granular bainite as shown 1n
in order to adjust shapes of a slab to a suitable extent. The FIG. 4, and a hard bainite structure 1s formed, when the
rough-rolling process 1s carried out at greater than tempera- cooling rate exceeds 10° C./s, which leads to the increases 1n
ture (T, ) at which austenite 1s not recrystallized any more. yield strength and yield ratio.
During the rolling process, it 1s possible to break cast struc- " In conclusion, 1n the method for manufacturing a steel
tures, such as dendrite, formed during the casting process, and according to one exemplary embodiment of the present inven-
make austenite grain size small. tion, an MA structure 1s formed by heating a steel slab having
Finish-Rolling Temperature: T, to B, the above-mentioned composition to a temperature of 1050 to
The austenite structure in the rough-rolled slab 1s finish- . 1250® C., rough-rolling the heated slab at a temperature of
rolled 1n order to induce an inhomogeneous deformed micro- 1250° C. to T,,,, finish-rolling the rough-rolled plate at a
structure into the plate. The rolling temperature 1s in a range temperature of T, to B_, and stopping the cooling of the
trom an austenite non-recrystallization temperature (1,,)toa  finish-rolled steel slab at a temperature of 500 to 600° C. at a
greater than baimite transformation start temperature (B,). cooling rate of 2 to 10° C./s. Here, the MA structure accounts
When the finish rolling process 1s started at a high tempera- | for 1 to 5% fractions in a duplex structure of granular bainite
ture greater than T,,, the yield strength of the plate 1s and bainitic ferrite, and has an average size of 5 um or less.
increased, which makes 1t difficult to obtain a low yield ratio [Mode for Invention]
ot 80% or less. Hereinafter, exemplary embodiments of the present inven-
Cooling condition after finish-rolling process: Finishcool-  tjon will now be described in detail with reference to the
ing temperature at 500 to 600° C. at a cooling rate of 2 t0 10° . accompanying drawings. However, it should be understood
C./s. that the description proposed heremn 1s just a preferable
The COO]iIlg condition 1s one ofmajor characteristics of the examp]e for the purpose of 1llustrations (_j,n]yj not imntended to
present invention. A microstructure of the steel 1s formed by limit the scope of the invention. This is why the scope of the
water-cooling a plate from a temperature greater than B,  invention is determined by the appended claims and their
(bainite transtormation start temperature) at a cooling rate of ., equivalents.
2 to 10° C./s and stopping the cooling of the plate at a tem-
perature range 01 500 to 600° C. that 1s greater than B (bainite EXAMPLES
TABLE 1
% by welght or ppm
Steel No. C S1 Mn P S Al NI Cu Cr Mo T1 Nb v B N (& Bs Bf Tnr
Inventive steel A 0.04 02 1.7 0013 0.002 0015 O 0 0 0 0.01 0.03 0.00 6 35 11 624.2 504.2 930.3
Inventive steel B 008 04 1.5 0013 0.005 0032 0O 0 0 0 0.014 0.02 0.00 15 55 13 5684 4484 843.2
Inventive steel C 0.087 0.2 145 0012 0.002 0013 O 0 0 0 0.02 005 000 40 42 14 571.0 451.0 1056.7
Inventive steel D 0.1 03 14 0013 0,002 0013 021 O 0 0 0.02 0.04 0.00 8 42 11 >364.2 4442 9778
Inventive steel E 0072 0.2 15 0013 0.002 0013 O 0.22 0O 0 0.02 003 000 15 42 13 570.6 450.6 9533
Inventive steel I 008 03 14 0013 0.003 0013 O 0 0. 0 0.02 0.06 000 20 42 15 5590 439.0 1071.3
Inventive steel G 0.09 04 1.6 0.013 0.002 0.013 O 0 0 0.11 0.02 004 000 16 42 17 547.6 427.6 9375
Inventivesteel H  0.071 0.3 14 0.013 0.002 0.013 O 0 0 0 0.02 001 002 14 42 20 5798 4598 R817.5
Comp. steel A 001 02 1.5 0.014 0.003 0034 O 0 0 0 0.012 0.03 0.00 20 32 11 587.3 4673 925.1
Comp. steel B 0.17 03 0% 0.013 0.001 0.038 O 0 0 0 0.013 0.04 000 24 28 14 607.1 487.1 1013.1
Comp. steel C 009 04 1.2 0013 0.005 0024 0O 0 0 0 0.01 0.00 000 14 26 10 697.7 577.7 803.6
Comp. steel D 0.079 0.2 14 0.015 0.009 0.043 O 0 0 0 0.009 0.04 0.00 1 43 8 577.7 457.7 10049
50 FEach of the slabs prepared with the components and their
contents listed 1n Table 1 were rolled and cooled 1n the same
conditions as listed 1n Table 2. For these examples, the slabs
were tested under a condition of exceeding the cooling rate,
and conditions that a finish rolling start temperature exceeds
Tnr and a finish cooling temperature 1s low.
TABLE 2
Rough rolling
Rough Finish rolling Cooling
Reheating rolling Rolling Rolling Cooling
Slab extraction  fimish start finish  Cooling finish
Kinds No. thickness Temp. Temp. Temp. Temp. Temp. Temp. Note
Inventive  A-1 244 1065 985 880 840 6.0 580 Recommended Temp.
steel A A-2 244 1110 1030 820 780 15.0 520 Cooling rate exceeded



US 8,702,830 B2

9 10
TABLE 2-continued
Rough rolling
Rough Finish rolling Cooling
Reheating rolling Rolling Rolling Cooling
Slab extraction  finish start finish  Cooling finish
Kinds No. thickness Temp. Temp. Temp. Temp. Temp. Temp. Note
A-3 220 1050 970 1010 970 4.0 550  Finish rolling start Temp. > Thr
A-4 220 1050 970 850 810 5.0 350 Low colling finish Temp.
Inventive  B-1 244 1070 990 793 753 6.0 555 Recommended Temp.
steel B B-2 244 1105 1025 820 780 15.0 520 Cooling rate exceeded
B-3 220 1060 980 923 883 4.0 502  Finish rolling start Temp. > Thr
B-4 220 1060 980 850 810 5.0 340 Low colling finish Temp.
Inventive  C-1 244 1080 1000 1007 967 6.0 570 Recommended Temp.
steel C C-2 244 1100 1020 820 780 15.0 400  Cooling rate exceeded
C-3 220 1055 975 1137 1097 4.0 550  Finish rolling start Temp. > Thr
C-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Inventive  D-1 244 1080 1000 928 888 6.0 583 Recommended Temp.
steel D D-2 244 1100 1020 820 780 15.0 400  Cooling rate exceeded
D-3 220 1155 1105 1038 998 4.0 502  Finish rolling start Temp. > Thr
D-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Inventive E-1 244 1080 1000 903 863 6.0 555 Recommended Temp.
steel E E-2 244 1100 1020 820 780 15.0 500 Cooling rate exceeded
E-3 220 1055 1035 1013 973 4.0 510  Finish rolling start Temp. > Thr
E-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Inventive  F-1 244 1080 1000 1021 981 6.0 550 Recommended Temp.
steel I F-2 244 1100 1020 820 780 15.0 400 Cooling rate exceeded
F-3 220 1055 1035 1101 1061 4.0 500  Finish rolling start Temp. > Thr
F-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Inventive G-1 244 1080 1000 87 847 6.0 545 Recommended Temp.
steel G G-2 244 1100 1020 820 780 15.0 400 Cooling rate exceeded
G-3 220 1115 1055 1017 977 4.0 514  Finish rolling start Temp. > Thr
G-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Inventive  H-1 244 1080 1000 768 728 6.0 575 Recommended Temp.
steel H H-2 244 1100 1020 820 780 15.0 400  Cooling rate exceeded
H-3 220 1055 975 918 878 4.0 502  Finish rolling start Temp. > Thr
H-4 220 1055 975 850 810 5.0 350 Low colling finish Temp.
Comp. steel I 244 1080 1000 875 835 6.0 578 Recommended Temp.
Comp. steel ] 244 1080 1000 963 923 6.0 582 Recommended Temp.
Comp. steel K 244 1080 1000 754 714 6.0 593  Recommended Temp.
Comp. steel L 244 1080 1000 1027 OR7 6.0 567 Recommended Temp.
Each of the slabs was prepared according to the conditions TARI E 3-continued
listed 1n Table 2, and the test results of the slabs are listed 1n 49
the following Table 3. | | MA
Kinds No. Thickness Y'S TS YR fraction DBTT
TABLE 3 Inventive G-1 65 569 734 78 2.7 -49
steel G G-2 65 641 749 86 0.9 -71
MA G-3 31 587 727 81 2.1 -56
Kinds ~ No.  Thickness YS TS YR fraction DBTT G-4 60 607 716 85 08 =73
Inventive  H-1 65 457 616 74 3.4 -41
Inventive  A-1 70 501 645 78 3.5 -39 steel H H-2 65 556 630 88 0.9 -71
steel A A-2 65 553 666 83 2.2 -54 H-3 31 489 606 81 1.9 -58
A-3 35 519 638 81 2.8 ~-47 H-4 60 522 597 87 0.8 -73
A4 60 550 624 88 0.8 -73 Comp. steel I 65 445 522 85 3.4 —-40
Inventive  B-1 70 489 645 76 2.9 ~-46 50 Comp. steel J 65 431 510 85 3.5 -39
steel B B-2 65 548 669 82 2.2 -54 Comp. steel K 65 414 525 79 3.8 -35
B-3 35 512 636 81 1.9 -58 Comp. steel L 53 491 584 84 3.2 -43
B-4 60 547 626 87 0.8 -73
Inventive  C-1 65 527 665 79 3.2 -42
steel € €2 0> O88 07 8709 =71 From the test results listed in Table 3, it was revealed that
C-3 31 542 659 82 2.8 -47 55 : : :
C.4 60 554 644 86 0.8 7 the Inventive steels having the components and their contents
Inventive  D-1 65 507 671 76 3.6 _38 according to one exemplary embodiment of the present inven-
steel D D-2 65 583 683 85 0.9 =71 tion do meet the requirements for all process conditions, and
g'j 2 é gj’; 228 zi é'z _22 therefore the manufactured steels (A-1, B-1, C-1, D-1, E-1,
fventive  Bo1 > 06 697 13 20 46 ¢o P-1,G-1and H-1) satistactorily has a tensile strength of 600
stee| F E-2 65 500 714 83 18 _58 MPa or more and a low yield ratio of 80% or less. On the
E-3 31 575 684 &4 2 ~57 contrary, it was seen that the Comparative steels I to L that are
k-4 60 >44 - 6/3 8108 =73 out of the ranges of the component system of the present
Inventive  F-1 63 541 695 78 2.8 —47 : : d the steel the T X teels. that d
stee]l F F.) 65 594 709 R4 0.9 _71 mvention and the stee 5, dlnong tc 1Nvenuve sIeCls, Uldl do
F-3 31 556 687 81 1.8 _s8 65 not meet the process conditions do not show their excellent
F-4 60 560 676 83 0.8 73 physical properties as in the Inventive steels that meet the

requirements for all process conditions.
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The mvention claimed 1s:

1. A high strength and low yield ratio steel, comprising, by
weilght percent: C: 0.02 t0 0.12%, S1: 0.01 to 0.8%, Mn: 0.3 to
2.5%, P: 0.02% or less, S: 0.01% or less, Al: 0.005 to 0.5%,
Nb: 0.06 to 0.10%, B: 3 to 50 ppm, Ti: 0.005 to 0.1%, N: 15
to 150 ppm, Ca: 60 ppm or less, and the balance of Fe and
inevitable impurities, and having a tensile strength of 600
MPa or more and a yield ratio of 80% or less, wherein the steel

comprises 1 to 5% by volume percent of an MA (martensite/
austenite) structure having an average particle size of 5 um or
less and at least 95% by volume percent of granular bainite
and bainitic ferrite.

2. The high strength and low vyield ratio steel of claim 1,
turther comprising at least one component selected from the
group consisting of, by weight percent: Cr: 0.05 to 1.0%, Mo:
0.01 to 1.0%, N1: 0.01 to 2.0%, Cu: 0.01 to 1.0% and V: 0.005
to 0.3%.

3. A method for manufacturing a high strength and low
yield ratio steel, the method comprising:

re-heating a steel slab at 1050 to 1250° C., the slab com-

prising, by weight percent: C: 0.02 to 0.12%, S1: 0.01 to
0.8%, Mn: 0.3 to 2.5%, P: 0.02% or less, S: 0.01% or

10

12

less, Al: 0.005 to 0.5%, Nb: 0.006 to 0.10%, B: 3 to 50
ppm, T1: 0.0051t00.1%,N: 1510 150 ppm, Ca: 60 ppm or
less, and the balance of Fe and 1nevitable impurities;

rough-rolling the re-heated slab at a temperature range of
1250° C. to Inr;

finish-rolling the rough-rolled plate at a temperature range
of Tnr to Bs; and

cooling the finish-rolled plate to a finish cooling tempera-
ture of 500 to 600° C.,

wherein the steel comprises 1 to 5% by volume percent of
an MA (martensite/austenite) structure having an aver-
age particle size of 5 um or less and at least 95% by
volume percent of granular bainite and banitic ferrite.

4. The method of claim 3, wherein the slab further com-

15 prises at least one component selected from the group con-

sisting of, by weight percent: Cr: 0.05 to 1.0%, Mo: 0.01 to
1.0%, Ni1: 0.01 to 2.0%, Cu: 0.01 to 1.0% and V: 0.005 to

0.3%.
5. The method of claim 3, wherein the operation of cooling,

20 the fimish-rolled plate i1s carried out by water-cooling the

finish-rolled plate at a cooling rate of 2 to 10° C./s.

G o e = x
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